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Abstract 
A common feature of labour markets around the world is a substantial gender differential in wages, which themselves are 
affected by educational achievement. This paper studies both topics jointly for the Spanish labour market, analyzing how 
education contributes to shape wage distributions and looking into gender differences in pay for different educational levels. To 
achieve this, we first estimate earnings equations for men and women using the instrumental variable method proposed by 
Hausman and Taylor (1981), which allows us to treat education and other wage co-determinants as endogenous variables. 
Building on these results, we then follow the proposal by Jenkins (1994) and estimate a bivariate wage distribution for women, 
containing individual expected earnings with and without discrimination. This allows for a full distributional analysis of gender-
wage gaps. Our results show that discrimination is distributed quite unevenly across female workers and that it grows for more 
educated and better paid wage earners. 
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1. Introduction 
The main theoretical challenge posed by research on wage discrimination is to explain the sizeable observed 
differences between male and female average earnings (the gender wage gap), caused either by gender based 
differences in characteristics and/or preferences or by the existence of discrimination, which has to be modelled 
somehow.  
Understanding discrimination implies answering the question quoted by Cain (1986): ‘Under what conditions is it 
possible for essentially equal goods to have different prices when exchanged in competitive markets?’—that is, why 
and how can men and women differ in the wages they receive for equally productive work? Empirical research in 
the last decades fails to explain the whole observed (raw) wage gap in terms of differences in characteristics. This 
leaves the remainder of the gap consistent with the presence of discrimination in the labor market. Much theoretical 
work has been devoted to explain how this empirical regularity arises (for an overview, see Altonji and Blank, 
1999). Recently, empirical studies have focused on evaluating wage differentials at different points of the wage 
*Corresponding Author: Mario F. Rueda-Narváez. Tel.: +34-952137190  
   E-mail address: mfrueda@uma.es 
1870   Mª Lucía Navarro-Gómez and Mario F. Rueda-Narváez /  Procedia - Social and Behavioral Sciences  116 ( 2014 )  1869 – 1874 
distribution. These are usually based on quantile regressions (QR) and the decomposition methodology proposed by 
Machado and Mata (2005). 
 
Our objective in this paper is to assess the amount of wage discrimination experienced by Spanish female wage 
earners, using individual data from the Spanish section of the European Community Household Panel (ECHP, INE, 
1994–2001). To achieve this, we first estimate wage equations using the instrumental variable (IV) method for panel 
data developed by Hausman and Taylor (HT, 1981). This is done in order to account for the possible endogeneity of 
several wage determinants, which is important because discrimination analysis must be based on a counterfactual 
estimate of what a woman would earn if she were a man but otherwise had the same characteristics. If parameter 
estimates are biased, the discriminating and non-discriminating wages based on those estimates will be biased as 
well. As a result, the difference between these two cannot be used to construct a reliable estimation of wage 
discrimination. Second, in line with recent work, our analysis of discrimination also focuses on the distribution of 
unexplained wage differentials. Instead of using QR, however, we follow the methodology proposed by Jenkins 
(1994) to take into account the entire distribution of discrimination. This treats the degree of discrimination suffered 
by each woman as an individual variable that can be estimated and later studied. Moreover, Jenkins’s procedure is 
more flexible than QR, since discrimination can not only be analyzed along the wage distribution but also among 
different groups of female workers. 
The rest of this paper is organized as follows. The next section discusses the econometric framework used to 
estimate wages and then compute a bivariate wage distribution for the women in the sample, one discriminating and 
the other non-discriminating. Section 3 presents the results, and the last section provides the main conclusions. 
2. Econometric framework 
In order to obtain the expected wage distributions for women when they are subject to discrimination and when 
they are not, we first estimate the parameters that determine wages for men and women, considering the following 
earnings equation: 
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where yit is the log hourly wage of worker i in year t, and xit, and zi are vectors containing k and g variables 
affecting yit with parameters β and γ. Finally, ηi and εit are both independent random disturbances distributed with 
zero mean and variances 2ησ  and 2εσ . In this model, the endogeneity of education and possibly other wage 
determinants is modeled as a correlation between those variables and the effect of unobservable characteristics, 
included in ηi.  
To estimate the parameters of interest, we use the HT instrumental variable procedure, which assumes that some 
of the variables are correlated to the individual effect ηi and others are not. These exogenous regressors are used as 
instruments and are: self-reported health (three categories), regional unemployment and a binary variable for 
workers in a relationship. The rest of variables are allowed to be correlated with ηi. They can be categorized as 
human capital characteristics (education; experience and job tenure, both measured in years; training received the 
previous year), job characteristics (job changes in the previous year; working in the public sector; being out of work 
the previous year; firm size; temporary vs. permanent employment; dummies for intermediate and supervisory jobs) 
and personal characteristics (number of children in the household in different age intervals). 
Once the wage equations have been estimated, Jenkins (1994) suggests using individual information on estimated 
wages in order to conduct a distributional analysis of discrimination. To do this, we compute the following two 
variables for each female observation in the sample: 
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These are, respectively, the predicted (median) wage for each woman ( ityˆ ) and the predicted amount she would 
earn if there were no discrimination ( itrˆ ): the reference wage. These predictions can be used to obtain an absolute 
( ititit rys ˆˆˆ −= ) or a relative ( ]ˆ/ˆ[100ˆ ititit ysd = ) estimate of the amount of discrimination faced by each female wage 
1871 Mª Lucía Navarro-Gómez and Mario F. Rueda-Narváez /  Procedia - Social and Behavioral Sciences  116 ( 2014 )  1869 – 1874 
earner in the sample. It is then possible to summarize the values of itdˆ  among different groups of women to assess 
how they are affected by wage discrimination. 
3. Results 
In this section, we compare discriminating or unexplained wage differentials as obtained from the Random 
Effects (RE) and the HT estimators. This comparison is interesting because the only difference among the two 
methods lies in the exogeneity assumption in the RE procedure, an assumption that is usually made in empirical 
research on discrimination. First, Table 1 shows some statistics for the distribution of relative wage differentials. 
Table 1: Descriptive statistics for discriminating hourly wage differentials 
 
 RE HT 
Relative differentials (%) 
Mean 13.93 23.99 
Q1 8.07 13.68 
Median 13.59 23.67 
Q3 18.99 34.79 
Minimum -10.34 -5.83 
Maximum 42.05 67.06 
Standard deviation 7.68 14.10 
% with d under 0% 1.54 4.17 
% with d between 0% and 10% 31.83 13.75 
% with d between 10% and 30% 64.12 46.42 
% with d over 30% 2.51 35.66 
 
Most prominent in Table 1 is the fact that estimated discrimination seems to be much larger when comparing 
men and women with the HT set of parameters versus the RE set. In relative terms, the mean discriminating 
differential rises from 14% to 24%. As a reference, our data show a mean wage differential of about 13%. From the 
viewpoint of decomposition analysis, the average of the unexplained differentials is similar to what would be 
obtained using the standard Oaxaca-Blinder methodology. For the RE model, this means that the whole of the mean 
wage differential is attributed to differences in parameters (“discrimination”), whereas the HT model leads to a 
discriminating average that is greater than the raw gap. The change from the RE estimator to the HT model is caused 
by the inconsistency of the RE estimates. Bigger average unexplained differentials for the HT model show, then, 
that if women were paid as men, their observed characteristics should lead to an average wage higher than the male 
average. 
Moving the focus away from average values, the table shows some relevant facts. First, in a few cases, both 
models lead to negative discrimination (in the sense that women would receive lower wages if they were paid as 
men). This only happens to about 4% of the sample (HT model), but illustrates the possibility that, even when the 
estimated average discrimination is substantial, part of the sample does not experience it at all. At the end of Table 
1, the sample is divided in intervals for values of itdˆ . Thus, for the HT model, about 18% of women in the sample 
experience little to no discrimination (either negative or below 10%). 
Table 2 shows, for both models, mean values of the estimated relative discrimination in the four quartiles of the 
(observed) wage distribution. 
 
 
 
 
 
 
Table 2: Relative differentials (means) between  quartiles of the female wage distribution  
Range (yit) RE model HT model 
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Minimum to Q1 15.60 15.50 
Q1 to median 15.70 20.30 
Median to Q3 14.37 24.68 
Q3 to maximum 10.06 35.52 
 
For the RE model, the trend is similar to that described with Spanish data by De la Rica et al. (2008), Del Río et 
al. (2011) and Arulampalam et al. (2007), with discrimination for the whole sample being more or less stable along 
the wage distribution (around 15% for the 75% of women with lower wages), and then falling at the top (10% in the 
richest 25%). However, the HT model shows a steep increase in the amount of unexplained wage differentials, going 
from 15% from the poorest quarter of the sample to about 35% in the last interval (second column of table 2), being 
more in line with the conclusions in Gardeazabal and Ugidos (2005). As will be discussed below, this result for the 
HT model seems to be due, at least in part, to the relative change in the coefficients of the schooling variable in the 
wage equations when using the HT procedure. While this coefficient is similar for both genders in the RE model, it 
is clearly higher for men in the HT model, thus increasing the gap between ityˆ  and itrˆ  for female workers with 
higher education and (therefore) higher wages. 
The econometric framework used in this paper also allows us to analyze more deeply the associations between 
wage discrimination and the regressors used in the earnings equations. An intuitive approach is to use the 
information on itdˆ  in order to identify groups of female workers facing less (or more) discrimination. Table 3 
presents mean values of relative unexplained wage differentials for groups according to some characteristics, again 
comparing both specifications (RE and HT). Additionally, the last (third) column shows the proportion of workers in 
each group with respect to the total female sample. Note that these results do not attempt to show how certain 
variables affect discrimination, but rather how different kinds of workers are affected by it. 
Table 3: Average discriminating wage differentials (%) in several sample groups 
 
Group RE HT % obs. 
Total 13.93 23.99 100 
Education 
No education 18.42 -1.99 2.13 
Primary education 18.92 7.51 13.40 
1st level secondary 16.26 15.52 22.24 
Vocational training 1 15.82 18.70 8.96 
Vocational training 2 13.55 23.67 9.27 
2nd level secondary 14.96 27.69 13.56 
University (short) 9.25 36.44 15.70 
University (long) 8.39 42.30 14.74 
Labour market training 
No training 14.60 22.81 79.88 
Firm-financed training 11.53 30.92 10.72 
Employee-financed training 11.01 26.16 9.40 
Experience 
0 - 10 years 11.81 24.61 40.68 
10-20 years 12.98 24.76 26.71 
20-30 years 15.07 23.08 20.14 
Over 30 years 21.05 21.80 12.46 
Job tenure 
0 – 2 years 13.93 19.74 37.73 
2 – 5 years 13.78 23.94 15.56 
5 – 9 years 12.77 25.87 13.24 
9 or more years 14.46 28.08 33.48 
Firm size 
1 – 19 14.80 21.67 42.05 
20-99 13.05 25.70 25.48 
100 or more 13.50 25.67 32.47 
Job status 
Not supervisor 14.06 22.54 81.35 
Intermediate 12.59 29.92 14.30 
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Supervisor 15.87 31.78 4.35 
Employment sector 
Private 15.84 21.52 69.47 
Public 9.59 29.63 30.53 
Type of contract 
Permanent 14.02 26.85 62.59 
Temporary 13.79 19.22 37.41 
Marital status 
Single 12.39 23.01 42.06 
Married or with a partner 15.05 24.71 57.94 
    
 
 
 
 
 Regarding the relation between educational achievement and discrimination, wage differentials behave 
quite differently for the two models. The RE model shows a sharp decrease in discrimination as education grows. 
The unexplained differential decreases from 19% for those with primary education to less than half (8%) for those 
with long university degrees. The HT model shows the opposite trend: the differential increases from 7.5% to 42% 
for the same two groups. For the HT model, this is largely due to the difference in the effect of an additional year of 
education on wages, which is about 3 percentage points higher for males.  
The relationship between training and discrimination, for the HT model, follows a similar line as with education. 
That is, women with higher investments in human capital (training) also experience higher unexplained differentials, 
especially in the case of firm-financed training, which is usually associated with better jobs or better conditions. 
As for the effect of labour market experience, the results in the RE model show that unexplained differentials 
grow with time spent. An explanation could be that, as we use a potential measure of experience (time spent since 
starting the first job), this variable also includes time spent not working. These out-of-work lapses (time spent not 
accumulating human capital) should be higher for women in comparison to men, since they tend to have more 
intermittent careers. This is a clear example of estimation with errors in variables, which biases the parameter 
estimates towards zero, with the error being higher for women. Thus, the RE model estimates an earnings-
experience profile that is less steep for women, and thus discrimination grows over time. On the other hand, the HT 
model shows little correlation between experience and discrimination, although it seems to be a bit lower for women 
with over 30 years. This probably happens because IV estimates correct the bias caused by measurement errors. 
As for job characteristics, it is interesting to examine wage differentials for those working in the public and 
private sectors. The RE model is consistent with previous results suggesting better wages for female workers in the 
public sector (De la Rica and Ugidos, 1995) as well as with the notion that hiring processes and promotion practices 
for public workers would make it difficult to discriminate in more direct ways. For the HT model, the results are 
different and show that, in fact, unexplained differences in male-female wages are lower in the private sector (22% 
vs. 30% for public workers). One of the reasons for this is that public employment is associated with higher levels of 
education and wages and, as has been discussed, discrimination is estimated to be higher for those groups. For the 
rest of job characteristics, the same pattern holds in the HT results. That is, the subgroups that are associated with 
better working conditions (variables that, as the earnings equations show, have a positive impact on wages) tend to 
experience higher discrimination. This happens for women that have been longer with their employers (higher 
tenure), working as supervisors, in bigger firms and with permanent employment. This, along with the positive 
association between education and discrimination, paints a grim picture, since it implies that most of the factors that 
increase wages also increase unexplained gender differences.  
As for personal characteristics, Table 3 shows that single women experience a less discrimination, although the 
difference is small in the HT model. The most convincing explanation is that single women can focus on their career 
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as much as male workers, given that they are free from many familial responsibilities that would be imposed on 
them.  
4. Conclusions 
 Throughout this paper, we have undertaken an empirical analysis of wage discrimination against women in the 
Spanish labor market, using data from the first seven waves of the Spanish section of the European Community 
Household Panel (INE, 1994–2001).  
The results of the analysis have been presented and compared for the RE and HT models, because both share the 
compound structure of the random disturbance and differ only in the assumptions made about the 
exogeneity/endogeneity of the wage determinants. Results are quite different according to each model. Both in 
absolute and relative terms, the RE model finds average discriminating differentials that are near observed 
difference in wages between men and women, something common in the literature for the Spanish case when using 
comparable methodologies. This means that almost all of the observed difference in wages is due to the fact that the 
same characteristics (such as education and experience) are valued by the market differently for women than for 
men. However, when unbiased estimates for wage determinants are used in the HT model, mean discrimination is 
higher than the observed raw gender gap. This means that, not only the entire raw gap is due to differences in returns 
to characteristics, but that if parameters were the same for both genders, women should receive higher wages than 
men. 
A closer look at the results provides some interesting additional information on the distribution of discrimination 
across our sample of female workers. The HT model shows that the relative position of women worsens with higher 
education and, in general, better jobs (e.g., more job tenure, supervisory status and permanent employment). The 
only cases in which a variable affects positively wages but is associated with lower discrimination is for women 
with more experience and who have engaged in voluntary job mobility.  
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